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Platelets present a unique model to study the B-oligomer effects of pertussis toxin because they become
activated in response to the B oligomer but are not suspectible to ADP-ribosylation by the holotoxin. In these
studies, the B oligomer of pertussis toxin caused concentration-dependent platelet activation, as determined by
increases in intracellular calcium concentration, dense granule secretion, and platelet aggregation. Stirring
was required for pertussis toxin to increase intracellular calcium. A monoclonal antibody against platelet
glycoprotein lb abolished increases in intracellular calcium concentration and increased the latency and
reduced the slope of the aggregation response elicited by the B oligomer. Pertussis toxin also evoked
['4C]serotonin release from platelets, and this effect was inhibited, though not eliminated, by an antibody
against platelet glycoprotein lb. Binding of pertussis toxin to glycoprotein lb was observed after nonreducing
sodium dodecyl sulfate-polyacrylamide gel electrophoresis. These data suggest that the B oligomer of pertussis
toxin induces platelet activation mediated, at least in part, by an interaction with platelet glycoprotein lb.

Pertussis toxin (PT), a major virulence factor produced by
Bordetella pertussis, is composed of five different subunits, SI
through S5, in a 1:1:1:2:1 ratio. The SI or A subunit contains
the ADP-ribosyltransferase activity of PT, while the B-oli-
gomer portion of the molecule is responsible for the binding of
the holotoxin to the target cell surface (29). Despite the 70%
amino acid sequence similarity between the S2 and S3 subunits
(16), their binding specificities differ. Saukkonen et al. (24)
demonstrated S2 binding to lactosylceramide and S3 binding to
gangliosides, indicating that PT can interact with both sialy-
lated and nonsialylated glycoconjugates.

In addition to its role in delivering the A subunit to cells, the
B oligomer of PT elicits biological effects, including increased
intracellular calcium concentration in and proliferation of T
lymphocytes (9, 17, 26-28) and platelet aggregation (1). These
B-oligomer effects are presumed to be elicited by the binding
of the B oligomer to a specific receptor and require signifi-
cantly higher concentrations of toxin than are necessary for the
enzymatic activity of the A subunit. In lymphocytes, both 43-
and 70-kDa binding proteins have been identified. Rogers et
al. (21) showed that the presence of a 43-kDa PT binding
protein is dependent on the expression of a CD3-TCR com-
plex. These authors proposed that the binding of PT to a
receptor activates a TCR-coupled phospholipase C, leading to
phosphatidylinositol turnover and increased intracellular cal-
cium (22). The 70-kDa PT binding protein has yet to be further
characterized (5), though it may be the p73 lipopolysaccharide
(LPS) receptor identified by Lei and Morrison (14) that also
binds PT. Although the lack of PT-mediated ADP-ribosyl-
transferase activity with intact platelets has fostered the idea
that platelets do not have a surface membrane receptor for PT
(30), the rise in intracellular inositol phosphates during B-
oligomer-induced aggregation (1) suggests the presence of a
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signal transducing receptor. The nature of such a receptor,
however, is not known.

Platelet activation is a complex response initiated by meta-
bolic changes, such as increases in intracellular calcium and
protein phosphorylation, culminating in physical alterations,
such as shape change, aggregation, and granule release. One
mechanism by which platelets become activated is by binding
of von Willebrand factor (vWF) to the platelet glycoprotein
GPIb-IX complex (32). Consisting of two disulfide-linked
subunits, GPIbot (145 kDa) and GPIb3 (17 kDa), GPIb is a
major sialoglycoprotein on the platelet membrane (13). GPIX,
a small (20-kDa) integral membrane protein, is found in
noncovalent association with GPIb. Platelet adhesion studies
suggest that GPIb is linked to a signaling pathway that activates
protein kinase C, which in turn activates the platelet glyco-
protein receptor for fibrinogen (GPIIbIIIa), leading to platelet
aggregation (25). In this study, we have characterized PT
B-oligomer-induced platelet activation as measured by an
increase in intracellular calcium, aggregation, and granule
release and examined PT binding to platelet membrane pro-
teins.

MATERIALS AND METHODS

PT preparation. B. pertussis 165 was grown in 7.2 liters of
modified Stainer-Scholte medium for 48 h. Culture superna-
tant was obtained by centrifugation at 14,000 x g for 60 min at
4°C. The pH of the supernatant was adjusted to 9, and the 7.2
liters was passed over a 200-ml hydroxyapatite column
(HOAP; Calbiochem) equilibrated with 10 mM KPO4, pH 9.
The void volume was collected, adjusted to pH 6, and passed
over a second 200-ml HOAP column equilibrated with 10 mM
KPO4, pH 6. The column was washed with 500 ml of 100 mM
KPO4 (pH 6) and then 500 ml of 100 mM KPO4 (pH 7) and
eluted with 100 mM KPO4 (pH 7)-0.5 M NaCl. The eluate was
passed over a 35-ml fetuin-Sepharose column (made by cou-
pling 8 mg of fetuin per g of CNBr-activated Sepharose 4B)
equilibrated with 100 mM KPO4 (pH 7)-0.5 M NaCl. After the
column was washed, the PT was eluted with 3 M KSCN in 100
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mM KPO4 (pH 7)-0.5 M NaCl. The PT was dialyzed and
concentrated, using a YM-10 membrane (Amicon), to approx-
imately 100 ml in 154 mM NaCl-1 mM HEPES (N-2-hydroxy-
ethylpiperazine-N'-2-ethanesulfonic acid) and stored at 4°C.
This procedure yields 8 to 12 mg of purified PT. The 9K/129G
ADP-ribosyltransferase-deficient mutant was prepared as pre-
viously described (20).

B-oligomer preparation. B oligomer was prepared by the
method of Burns et al. (4) on the basis of the dissociation of Si
and B oligomer in the presence of 3 M urea, ATP, and
3-[(3-cholamidopropyl)-dimethyl-ammonio]-1-propanesulfon-
ate (CHAPS) and separation on carboxymethyl-Sepharose
CL-6B (Pharmacia). This material contains 0.1 to 0.5% con-
tamination with holotoxin as determined by the CHO assay
(11).
PRP. Platelet-rich plasma (PRP) was obtained as previously

described (3, 31). Briefly, venous whole blood from healthy
volunteers was collected without trauma in trisodium citrate
(0.38% final concentration). The first 5 ml was discarded. The
sample was centrifuged at 200 x g for 5 min at 20°C. For
aggregation studies, PRP was supplemented with 0.2 mg of
glucose per ml to help maintain the biological responsiveness
of the platelets. The platelet concentration was adjusted to
200,000 platelets per ,ul with platelet-poor plasma, and the
platelet suspension was rotated at 25°C in full containers for 30
min prior to use.
GFP. Gel-filtered platelets (GFP) were prepared from PRP

in which the initial whole blood was collected in acid-citrate-
dextrose solution (130 mM sodium citrate, 11 mM citric acid,
1.7 mM dextrose). The PRP was diluted 1:1 with acid-citrate-
Tyrode's salt solution (137 mM NaCl, 2.7 mM KCl, 12 mM
NaHCO3, 0.4 mM NaH2PO4; pH adjusted to 6.7 with stock
acid-citrate-dextrose) prior to centrifugation at 500 x g for 15
min at 20°C. Following resuspension in the acid-citrate-Ty-
rode's salt solution buffer, the platelets were filtered on a
Sepharose CL-4B-200 column. The column was equilibrated,
and the platelets were eluted with column buffer (137 mM
NaCl, 2.7 mM KCl, 12 mM NaHCO3, 0.4 mM NaH2PO4, 1
mM CaCl2, 1 mM MgCl2; pH 7.4). Platelets eluted from the
column were diluted in column buffer to a final concentration
of 100,000 to 200,000 platelets per R1.

Aggregation studies. Human fibrinogen for reconstituting
the aggregation response of the GFP was obtained from Sigma
[fraction I, "essentially plasmin(ogen) free"], and plasmin(o-
gen) was further removed by two sequential batch adsorptions
with lysine-Sepharose (6). The lysine-Sepharose-treated fibrin-
ogen was added to the GFP at a final concentration of 200
,ug/ml. Aggregation responses were evaluated in silanized glass
cuvettes with 0.5 ml of platelet sample at 37°C in a dual-
channel aggregometer (Peyton Scientific, Inc., Buffalo, N.Y.).
The instrument was calibrated to measure turbidity as percent
transmission with platelet-poor plasma = 100% and PRP =
10%. The response to 10 ,uM ATP was used to assess platelet
function prior to the use of each platelet preparation. The
aggregation response was defined in these experiments as the
maximum slope of the change in turbidity. The delay from the
addition of agonist to the initiation of the slope response
(latency) was also used to characterize the response. Tyrode's
solution or saline was used to dilute all reagents and agonists.
Inhibitors were incubated with the platelets for 3 to 5 min prior
to the addition of agonist.

Spectrofluorometry. Changes in platelet intracellular cal-
cium concentration were measured with an SLM 8000 spec-
trofluorometer (Aminco, Urbana, Ill.). PRP supplemented
with 0.4 U of apyrase and 0.15 U of hirudin per ml was
incubated with 2 ,uM indo-1/AM (Molecular Probes) at 37°C

for 45 min prior to gel filtration. Measurements were made on
a 2-ml sample of stirred GFP (100,000 per RI) in a 1-cm quartz
cuvette excited at 340 nm, and emissions at 398 and 480 nm
were measured simultaneously to give a ratio value indicative
of free intracellular calcium. Measurements were made over
120 s, with datum points taken every 0.2 s. Agonists were added
at 10 s after the establishment of a baseline, while inhibitors
were incubated with the platelets for 3 to 5 min prior to the
addition of agonists. Calcium values were derived from the
ratios and calibration measurements, using ionomycin (Calbio-
chem)- and EGTA [ethylene glycol-bis(,-aminoethyl ether)-
N,N,N',N'-tetraacetic acid]-treated samples, according to the
method of Grynkiewicz et al. (10).

[14C]5-HT release studies. PRP were suspended in acid-
citrate-dextrose and incubated with 1 ,uM 5-hydroxy[side
chain-2-14C]tryptamine creatinine sulfate (['4C]5-HT) (55
mCi/mmol; CFA.170; Amersham) for 15 min at 37°C. The
PRP was then centrifuged at 400 x g for 13 min, and the
platelet pellet was resuspended in Tyrode's saline-acid-citrate-
dextrose buffer (pH 6.9). The labelled platelets were washed by
gel filtration (Sepharose CL-4B) and supplemented with imip-
rimine HCl (RBI, Natick, Mass.) to a final concentration of 2
mM. Radiolabelled platelets were used at a concentration of
135,000 dpm per tube (0.5 ml) and assayed in triplicate for
agonist-evoked ['4C]5-HT release. Platelet suspensions were
exposed to blocking antibodies and/or fibrinogen for 5 min
prior to addition of PT or agonist. The platelets were exposed
to PT or other agonists for 2 min with rotary mixing at 22°C.
Control suspensions to measure basal release without addition
of PT or agonist were treated in an identical manner. After 2
min, the platelets were immediately centrifuged at 8,000 x g
for 5 min. The supernatants were removed, added to 10 ml of
Universal Cocktail (ICN, Irvine, Calif.) scintillation fluid, and
counted in a Beckman LS9800 scintillation counter to measure
the amount of 5-HT released. For measurement of total
platelet ["4C]5-HT, pellets of the control samples were solubi-
lized in 100 pI of 1% sodium dodecyl sulfate (SDS) and
counted in Universal Cocktail.

Platelet membrane proteins. GFP or platelets from PRP in
10 mM HEPES-10 mM EDTA-1 jig of leupeptin per ml-1
mM phenylmethylsulfonyl fluoride were vortexed and then
quick-frozen in an ethanol-dry ice bath. Samples were thawed
and centrifuged at 200 x g for 10 min. The supernatant was
then centrifuged at 100,000 x g for 1 h. The platelet mem-
branes were resuspended in 50 mM Tris (pH 8)-150 mM
NaCl-10 mM EDTA-1 jig of leupeptin per ml-1 mM phenyl-
methylsulfonyl fluoride-2 mM N-ethylmaleimide-1% Triton
X-100. After incubation overnight at 4°C, solubilized mem-
brane proteins were isolated from insoluble components by
centrifugation at 100,000 x g for 45 min.

Immunoprecipitation of platelet glycoproteins and ligand
blotting. Platelet glycoproteins (-80 jig per sample) were
immunoprecipitated with protein A-Sepharose CL-4B coupled
with antibodies (1:10 dilution) against platelet glycoproteins
purchased from AMACS, Inc. (Westbrook, Maine) (monoclo-
nal antibodies [MAbs] against GPIb and GPIIb are both of the
immunoglobulin G subclass 1 isotype) or DAKO (Carpinteria,
Calif.). Samples were separated by SDS-polyacrylamide gel
electrophoresis (PAGE) on a 7.5% acrylamide slab gel and
transferred onto polyvinylidene difluoride membranes (Milli-
pore), which were then incubated overnight at 4°C in TBS (50
mM Tris [pH 7.5], 200 mM NaCI) with 1% bovine serum
albumin. For ligand blotting, 10 jig of PT was added to the
polyvinylidene difluoride membrane, and the membrane was
incubated for 1 h at room temperature. After the membrane
was washed in TBS, a mouse MAb (6DX3) against PT was
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TABLE 1. Concentration dependence of platelet aggregation
response to holotoxin, B oligomer, and 9K/129G mutant'

Agonist (ILg/ml) Slope Delay(s)

PT133
1.0 2.5 20
2.5 14.5 30
5.0 21.0 15
10.0 25.5 20
20.0 29.0 15
10.0 + GPIb Abb 1.5 45

B oligomer
1.0 2.0 30
2.5 9.5 35
5.0 18.0 20
10.0 39.0 15
10.0 + GPIb Ab 4.5 25

9K/129G
1.0 1.5 45
2.5 11.0 25
5.0 22.0 15
10.0 17.5 15
10.0 + GPIb Ab 8.0 30

a Data are from a representative experiment.
b 10 ,g/ml. Ab, antibody.

added (1:1,000) for 1 h. The membrane was then incubated
with goat anti-mouse horseradish peroxidase-conjugated anti-
body (Jackson ImmunoResearch, West Grove, Pa.) for 1 h,
washed, and developed in 25 ml of TBS-0.1 ml of3% hydrogen
peroxide-5 ml of a 3-mg/ml solution of chloronaphthol. The
reaction was stopped by rinsing with water. The PT MAb
6DX3 was a kind gift from Elizabeth Leininger and James
Kenimer of the Laboratory of Allergy and Immunochemistry,
Division of Bacterial Products, CBER, Food and Drug Admin-
istration.

RESULTS

Platelet aggregation and increases in intracellular calcium
concentrations ([Ca2+1i) in response to the B oligomer of PT.
To identify a PT binding site on platelets, we first examined the
platelet response to the B oligomer of PT by characterizing
aggregation elicited by holotoxin, purified B oligomer, and a
PT mutant. As shown in Table 1 and Fig. 1, the aggregation
response to each of these is irreversible and comparable to that
of ADP. In contrast to the strict dependence of ADP-evoked
aggregation on supplementation of the GFP with fibrinogen,
PT-induced aggregation was variably affected by, but did not
require, fibrinogen supplementation (data not shown).

Activation of human platelets by PT, as assessed by changes
in the intracellular calcium concentration, was measured on
GFP suspensions loaded with indo-1/AM (Fig. 2A and B). The
B-oligomer effect of PT was concentration dependent, with 10
,ug (80 nM) of holotoxin per ml causing an increase in
intracellular calcium ranging from 0.4 to 0.8 ,uM. Purified B
oligomer and 9K/129G (Fig. 2B) produced similar increases in
the intracellular calcium concentration. Rosoff et al. (23)
reported a 50% effective concentration of 2 nM PT for
increases in [Ca2+]i in lymphocytes. Our results indicate that
B-oligomer responses in platelets require a higher concentra-
tion of toxin than is necessary in Jurkat cells and are compa-

rable to the concentrations found by Banga et al. to be
required in human platelets (1). In the absence of platelet

20%Tj

1 min

FIG. 1. Platelet aggregation in response to PT. Platelet aggregation
experiments were performed as described in Materials and Methods.
Agonists added at the arrows were (A) PT at 10 ,ug/ml, (B) B oligomer
at 10 ,ug/ml, (C) 9K/129G at 10 pLg/ml, and (D) ADP at 10 ,uM. T,
transmission.

stirring, there was no response to PT, although stirring alone
did not evoke any increase in [Ca2+]J (data not shown).

Inhibition of platelet activation with a MAb against GPIb.
The marked effects of stirring on the platelet response to PT B
oligomer suggested a role for increased cellular contact and/or
shear, possibly similar to platelet adhesion to vWF mediated by
GPIb (33). To investigate the possible role of GPIb in B-
oligomer-induced activation of platelets, a MAb against GPIb
(DAKO antibody) was used. MAb against GPIb at a concen-
tration of 10 jig/ml inhibited both platelet aggregation (Fig. 3;
Table 1) and changes in the intracellular calcium concentration
(Fig. 4A) elicited by PT. In contrast to the inhibitory effects of
the MAb to GPIb, MAbs against GPIIbIIIa (Fig. 4B) and
GPIIb (data not shown) did not block the PT B-oligomer
effects.

B

INFECT. IMMUN.
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FIG. 2. Platelet [Ca2+]i responses to PT. (A) Platelets were incu-
bated with PT at 1 (- - --), 5 (.* ), 10 (---), and 20 ( ) ,ug/ml,
and increases in [Ca21]i were measured as described in Materials and
Methods. (B) Increases in [Ca2+]i in response to 10 ,ug of PT ( ),
B oligomer ( ), or 9K1129G (---) per ml. Arrows indicate the
addition of PT.

Release of [14C]5-HT by PT. Dense granule release occurs
during the physiologic response of platelets to agonists and can
be monitored quantitatively by release of [14C]5-HT from
previously loaded platelets. PT evoked serotonin release that
was 60% of the maximum response to thrombin (1 U/ml) and
more than fourfold greater than the response to 10 jiM ADP
(Fig. 5). With the same platelet preparation, 10 jiM ADP and
80 nM PT elicited comparable aggregation responses. The
reduced response to ADP as measured by serotonin release is
likely due to the conditions (lower temperature and less
vigorous rotary mixing) in the release assays. The MAb against
GPIb decreased the PT B-oligomer response by about 66% but
had essentially no effect on the thrombin response (Fig. 5),
suggesting that the PT response is mediated, at least in part, by
mechanisms blocked at the GPIb site.
Ligand blotting of platelet membrane proteins with PT. To

determine if PT was binding to GPIb, a ligand blotting
technique used by Brennan et al. (2) to identify a PT receptor
on CHO cells was used. PT bound to several platelet mem-
brane proteins (Fig. 6A); therefore, the solubilized membrane
proteins were immunoprecipitated with the MAb against GPIb

20%T

1 min

FIG. 3. Inhibition of PT-induced platelet aggregation. Platelet ag-
gregation was measured in response to 10 p,g of (A) PT, (B) B
oligomer, or (C) 9K/129G per ml after a 3- to 5-min incubation with a
MAb against GPIb at 10 jxg/ml. T, transmission.

(AMACS, Inc., antibody) to determine if PT bound to GPIb.
As illustrated in Fig. 6B, when immunoprecipitated GPIb was
examined under nonreducing conditions by SDS-PAGE, bind-
ing of PT to GPIb was observed. In contrast, when examined
under reducing conditions, PT did not bind to GPIb. Both
subunits of GPIb may be necessary for PT recognition of
GPIb because PT did not bind to either subunit independently
(Fig. 6B and data not shown). Alternatively, reduction may
change the conformation of the GPIb chain to which PT
binds. As shown in Fig. 6C, PT also binds to GPIIb. Neverthe-
less, a MAb against GPIIb does not affect PT-induced platelet
responses, suggesting that at least some of the PT interactions
on platelet surfaces are not involved in the responses mea-
sured. PT binding to GPIb by ligand blotting was not inhibited
by the presence of the MAb against GPIb (1:1,000) or by vWF
(10 ,ug of vWF plus 15 mg of ristocetin). Binding of PT to
GPIIb was also not inhibited by an antibody against the
receptor.

DISCUSSION

The B-oligomer effects of PT, including the toxin's ability to
activate platelets and lymphocytes, are important to the assess-
ment of new acellular vaccines of which PT is a major
component (7, 18, 20). The mechanisms and binding sites
involved in B-oligomer-induced lymphocyte activation are
beginning to be understood. Rosoff and Mohan (22), in a
model based on their studies of lymphocyte activation, pro-
posed that a 43-kDa PT binding protein requires the presence
of the CD3-TCR complex because the PT receptor signals the
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FIG. 5. ['4C]5-HT release studies. Platelets were loaded with
["4C]5-HT and assayed for agonist response as described in Materials
and Methods. Maximal responses to thrombin were 98% of total
extractable intracellular ["4C]5-HT. Each response was measured in
triplicate. The standard errors of the mean ranged from 0.04 to 1.2%
of the total [14C]5-HT content and were <6% of the released
[14C]5-HT. Addition of blocking antibodies alone did not affect the low
levels of basal release. Cells were incubated with blocking MAbs (10
pg/ml) for 5 min prior to a 2-min exposure to PT or thrombin.

did not require ADP-ribosyltransferase activity (19). Later,
however, it was shown that this was not the case (18), and
therefore, analysis of the aggregation response with the B
oligomer and the PT mutant 9K/129G was necessary to be

0 20 40 60 80 100 120

B SECONDS

FIG. 4. Inhibition of platelet [Ca2"]i responses to PT. (A) In-
creases in [Ca2]i elicited by 10 p.g of PT ( ), B oligomer (- -),
and 9K/129G ( . ) per ml were inhibited by a 10-,ug/ml portion of MAb
against GPIb. (B) Increases in [Ca2+]i elicited by 10 ,ug of PT per ml
were not inhibited by a 10-,ug/ml amount of a MAb against GPIIbIIIa
( ). The solid line represents a typical PT response (10 pug/ml), and
the dashed line shows inhibition of the PT response by a MAb against
GPIb, as in panel A. The MAbs were added 3 to 5 min before the
addition of PT (arrows).

T cell by activating a TCR-associated phospholipase C. The
LPS p73 receptor on lymphocytes also binds PT (14), yet
whether this receptor is involved in B-oligomer effects is
unknown. Binding sites have also been addressed by Lobet et
al. (15), using site-directed mutagenesis to investigate amino
acid residues in the B oligomer which are involved in these
activities. They found that Asn-105 in S2 and Lys-105 in S3 are

residues in the B oligomer needed to cause lymphocyte
mitogenicity.
The ability of PT to activate platelets, however, is less well

understood. Banga et al. (1) demonstrated that the ADP-
ribosyltransferase activity of PT was not necessary for PT to
cause platelet aggregation and phospholipase C activation. In
this earlier work, PT catalytic activity was abolished by modi-
fying the toxin with N-ethylmaleimide, but the question of
whether PT was binding to a specific receptor was not ad-
dressed. The use of chemically modified PT has previously led
to the conclusion that the histamine-sensitizing effects of PT
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FIG. 6. Ligand blotting studies. (A) PT binding to platelet mem-
brane proteins. PT binding to membrane proteins under both reducing
conditions (lane A, Coomassie blue-stained platelet membrane pro-
teins; lane B, platelet membrane proteins ligand blotted with PT and
then probed with mouse polyclonal ascites) and nonreducing SDS-
PAGE conditions (lane C, Coomassie blue-stained platelet membrane
proteins; lane D, platelet membrane proteins ligand blotted with PT
and then probed with mouse polyclonal ascites). (B) PT binding to
GPIb. Lane A is immunoprecipitated GPIb separated under reducing
conditions. Lane B is immunoprecipitated GPIb separated under
nonreducing conditions. Both lanes were probed with a MAb against
GPIb. Lane C is immunoprecipitated GPIb separated under reducing
conditions, ligand blotted with PT, and then probed with 6DX3. Lane
D is immunoprecipitated GPIb separated under nonreducing condi-
tions, ligand blotted with PT, and then probed with 6DX3. (C) PT
binding to GPIIb. Lane A is immunoprecipitated GPIIb separated
under reduced conditions. Lane B is immunoprecipitated GPIIb
separated under reduced conditions, ligand blotted with PT, and then
probed with 6DX3. In all panels, molecular weight (103) markers are

shown on the left.
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certain that PT catalytic activity does not contribute to platelet
activation.
Our data show that increases in platelet intracellular cal-

cium, aggregation, and granule release initiated by PT are
inhibited by aMAb against GPIb. GPIb is the major sialogly-
coprotein on the platelet surface, with most of its carbohydrate
found in the glycocalicin portion of the a chain of the
glycoprotein. An estimated 60% of the weight of GPIb is
attributed to its carbohydrate content, with most being 0-
linked residues (13). Sialic acid residues have been shown to be
important for PT binding to CHO cells (2), suggesting the
sialic acid residues on GPIb may be involved in PT binding to
the glycoprotein. We show by ligand blotting that only after
nonreducing SDS-PAGE does PT bind to GPIb. Because
GPIbot and Ib, chains are connected by a disulfide bond, this
suggests that both chains of GPIb are necessary for PT to
interact with GPIb.

Platelet adhesion studies suggest that GPIb is linked to a
signal transduction pathway stimulating protein kinase C,
which may, in turn, activate GPIIbIIIa, the platelet glycopro-
tein receptor for fibrinogen (25). Additionally, binding of vWF
to GPIb under high shear conditions leads to an influx of
calcium. This response is not initiated, however, if a recombi-
nant fragment of vWF containing only the GPIb binding site is
used (12). The data of Ikeda et al. suggest that occupancy of a
single receptor is not sufficient and that the GPIIbIIIa binding
site of vWF may be important for the calcium influx in
response to vWF (12). While PT does bind to GPIb and its
effects are inhibited by a MAb against GPIb, the possibility
that there are additional receptors for PT has not been
eliminated. The ['4C]5-HT release studies suggest that PT
interactions with a GPIb site alone do not account for B-
oligomer-induced platelet activation. One hypothesis for the
mechanism by which PT activates platelets is that its binding to
GPIb leads to the activation of GPIIbIIIa, associated with
further stimulatory events and aggregation.

Previous data showing PT binding to a 165-kDa protein on
CHO cells, either a 43- or a 70-kDa protein on lymphocytes,
and a number of receptors on macrophages (32) and our
results showing PT binding to GPIb support the conclusion
that, unlike other bacterial toxins (8), PT may bind to different
surface structures on different cells. Whether some binding
sites which mediate the B-oligomer responses could also be
used for PT entry and intoxication or the activities are mutually
exclusive is not known. One hypothesis is that PT binds to
many sites, all capable of leading to toxin entry into the cell,
and that in some instances PT interacts with a receptor in such
a way that it serendipitously activates a distal signaling path-
way. To summarize, the data presented here demonstrate that
platelet activation caused by PT is inhibited by a MAb against
GPIb. PT binds to GPIb and may initiate platelet activation by
triggering the second-messenger system associated with GPIb.
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